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Abstract 
This coupled geomechanical-fluid flow numerical modelling study investigates the 
geomechanical impact of depressurization of coal beds on fault and coal seam geomechanical 
stability during coal seam gas production, using a simplified 3D reservoir structure based on 
the Gloucester Basin, Eastern Australia. The model examines transient stress, pore pressure, 
and fluid flow patterns during gas production under three different background regional stress 
scenarios, with the aim of understanding possible geomechanical failure states in a fault and 
coal beds. The model results show that depressurization leads to shear stress increase in 
normal-faulting stress regimes, but decreases in reverse-faulting (dominant in eastern 
Australia) and strike-slip faulting stress regimes. This is in combination with an overall 
effective stress increase associated with pore pressure reduction. Depressurization-resultant 
fault failure appears to be possible only under normal-stress regimes. In addition, a critically-
stressed fault segment is likely to be a precursor requirement for fault reactivation to occur as 
a result of depressurization/fluid depletion within normal-faulting stress conditions. Results 
further show fluid flow is dominated by lateral flow along coal beds, converging towards 
depressurization locations (“wells”). Fault permeability governs fluid transport along/across 
the fault and development of pore pressure compartmentalisation across the fault. Under all 
three background stress scenarios, flow velocities in coal beds are governed by coal 
permeability. 
Keywords: 
Fault reactivation, depressurization, coal seam, fluid flow, Gloucester Basin  
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1. Introduction 
Coal Seam Gas (CSG) resources are increasingly becoming an important global energy source, 
mainly because of its relatively low carbon footprint, its vast global reserve and the ability for 
gas fired power generation to integrate with variable generation renewable technologies 
(Underschultz, 2016). Australia has the second largest CSG reserve and production behind 
the USA (Hamawand et al., 2013). Extensive reserves, particularly in eastern Australia, have 
attracted extensive commercial interest in recent years for both domestic gas supply and for 
conversion to LNG for international export. Such commercial development has also raised 
public concerns about potential environmental impacts (Underschultz, 2016). 
CSG resources are methane trapped in an unconventional reservoir by adsorption onto the 
coal matrix. Its extraction usually involves first producing water from the coal cleats (i.e. 
natural fractures in coals; Laubach et al., 1998) to de-pressure the coal seams such that the 
methane desorbs from the coal matrix and can be produced through the wellbore to surface 
(e.g. Moore, 2012; IESC, 2014; Espinoza et al., 2015). Details of how the coal reservoir 
responds geomechanically to depressurization remain uncertain. Since depressurization of a 
coal-seam reservoir will alter in-situ field stresses, it could lead to fault failure (fault 
reactivation) or be accompanied by failure in coal beds and other host rocks. Therefore, 
studying the possibility of fault reactivation and geomechanical stability of the whole coal-
seam system under the conditions of depressurization is necessary to understand the risk 
under various in-situ geological conditions. 
Previous works in mineral, petroleum and CO2 geosequestration research fields show that 
coupled geomechanical and fluid flow numerical modelling is a powerful method to study 
fault reactivation and associated deformation in host rocks.  For mineral systems, modelling 
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studies demonstrated that faults can become reactivated in response to tectonic deformation 
(e.g. Schaubs & Wilson, 2002; Ord et al., 2002; Sorjonen-Ward et al., 2002; Zhang et al., 
2008; Zhang et al., 2012). Such reactivation focuses shear strain-dilation and focus ore-
forming fluids, and hence, lead to mineralization. For conventional petroleum and CO2-
storage reservoirs, previous modelling works focused on fault reactivation in response to 
extensional tectonic deformation (e.g. Gartrell et al., 2004; Zhang et al., 2009, 2011; Langhi 
et al., 2010), fluid injection (e.g. van Ruth et al., 2006; Rutqvist et al., 2015) and fluid 
depletion (e.g. Streit and Hillis, 2002; Hawkes et al., 2005; Nacht et al., 2010; Safari et al., 
2013; Zhang et al., 2016). These studies showed that fault reactivation could occur under 
these conditions, and is a key risk to lead to seal breach, reduced integrity of hydrocarbon or 
CO2 traps, and allow leakage from hydrocarbon accumulations or CO2 storage reservoirs. 
Coupled geomechanical-fluid flow numerical modelling studies on fault behaviour in coal-
seam systems appear to be relatively limited. Some examples are (i) a numerical evaluation of 
the effects of impermeable faults on the production performance of degasification boreholes 
without geomechanics by Karacan et al. (2008), (ii) a BEM modelling study (boundary 
element method without fluid flow), explaining mining-induced fault reactivation associated 
with the main conveyor belt roadway by Islam and Shinjo (2009), and more recently (iii) a 
coupled thermal-hydrological-mechanical model simulation study on the processes (e.g. 
permeability and pore pressure changes) during CO2-enhanced coalbed methane recovery in a 
simple generic structure without faults (Ma et al., 2017). A recent mathematical/analytical 
study on coal failure during methane production by Lu and Connell (2016) predicted coal 
failure associated with horizontal stress decrease, pore pressure reduction and volume 
shrinkage due to methane production and desorption. Such horizontal stress reduction 
associated with pore pressure reduction is consistent with but much greater than that predicted 
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for generating fault reactivation in petroleum reservoirs (e.g. Zoback et al., 2001; Hawkes et 
al., 2005; Safari et al., 2013; Zhang et al., 2016). 
This study aims to understand the geomechanical impact of depressurization on fault and coal 
stability during CSG production in a coal seam reservoir, using a 3D coupled geomechanical-
fluid flow numerical modelling method. Based on a simplified 3D reservoir structure 
(geometry) based on the Gloucester Basin, Eastern Australia (Fig. 1), we examine stress 
alterations and geomechanical failure states of a fault and coal beds during depressurization 
under three different regional stress setting scenarios. Fluid flow patterns in the reservoir and 
its changes with fault and coal permeability changes are also analysed. This work is part of a 
three-year research program focusing on fault behaviour in the Gloucester Basin, Eastern 
Australia (Mallants et al., 2017). It should be emphasized that this study does not intend to 
investigate the sources of stresses and stress variations in the Australian continent, which was 
recently and comprehensively modelled by Rajabi et al. (2017a).  
2. Modelling methodology 
Geomechanical deformation and fluid flow modelling has been performed using FLAC3D 
(Itasca 2006). FLAC3D is a very well tested mechanical modelling code from the Itasca 
Corporation in the USA. It is widely used in civil and mining engineering applications (e.g. 
Tulu et al., 2016; Sears et al., 2018). Its application to geological systems across a range of 
scales can be found in the literature (e.g. Sorjonen-Ward et al., 2002; Zhang et al., 2009, 
2011; Liu et al., 2012; Khazaei and Chalaturnyk, 2017). 
The code is capable of simulating the interactions between deformation and fluid flow in 
porous media. Modelled materials are represented by a 3D mesh representing the geometries 
of the observed geological structures.  Each element in the mesh behaves according to 
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prescribed mechanical and hydraulic laws and in response to the applied boundary conditions. 
For this study, rocks are simulated as isotropic elastic-plastic materials that require the 
specification of several geomechanical parameters, including Young’s modulus, Poisson’s 
ratio, cohesion, tensile strength, friction angle and dilation angle. Under deformation loading 
conditions, such elastic-plastic materials deform initially in an elastic manner up to a yield 
point (i.e. the maximum shear stress in the materials reaches a yield stress), and then after 
yield, they deform plastically resulting in irreversible plastic strain (e.g. Vermeer and de 
Borst, 1984; Ord 1991) (Fig. 2a). The yield stress for the materials is governed by the Mohr-
Coulomb failure criteria as described by the equation below: 
m = C +   n tan (φ)  (1) 
where m is the maximum shear stress and  n is the normal effective stress, C is cohesion, 
and φ is friction angle. The criterion required for plasticity yield to occur is defined by the 
maximum shear stress becoming equal to the value defined by Equation (1). In addition, 
tensile failure can occur when the effective minimum principal stress (total stress minus pore 
fluid pressure) is tensile and overcomes the rock tensile strength. Figure 2b illustrates generic 
stress patterns at pre-failure and at-failure states for the Mohr-Coulomb elastic-plastic 
material modelled here. 
Fluid flow in the model is governed by Darcy’s law (Phillips, 1991) for an isotropic porous 
medium, which is described as: 
j
ij
i
x
k
V


  
µ
  (p + ρw gi xi) (2)  
where Vi is the Darcy fluid flux, p is the fluid pressure, kij is permeability, µ is fluid viscosity 
(1.011×10-3 kg m-1 s-1 was adopted), xj reflects the position of a point in the material, gi is 
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gravity and ρw is fluid density (assumed here to be 1000 kg m-3). Therefore, fluid flow 
velocities are primarily a function of gradients in pore fluid pressure and variations in 
permeability. Spatial permeability and pore pressure gradient variations result in the focusing 
of fluid flow through high permeability areas and flow generally from high to low excess pore 
pressure regions (i.e. pore pressure difference from hydrostatic). 
Fluid flow is fully coupled with mechanical deformation during a simulation via the 
following interactions: (1) shear strain (deformation) causes volumetric strain; (2) volumetric 
strain results in pore pressure changes (e.g. positive volumetric strain/volume increase or 
“dilation” leads to a local pore pressure decrease); (3) changes in pore pressure result in 
changes in effective stress, which in turn affects rock deformation (e.g. reduction in effective 
stress may shift the Mohr’s circle sufficiently towards the failure envelope to generate plastic 
yield); (4) changes in pore pressure also result in changes in fluid flow direction and 
magnitude; and (5) the development of any topographic elevation or depression at the top 
surface of the model due to bulk deformation could result in topographic (gravity) driven 
fluid flow assuming that the water table is coincident with the land surface. It should be noted, 
however, that in the cases where geomechanical conditions do not lead to failure, the elastic-
plastic materials modelled here will behave as poroelastic materials. In such cases there will 
be no plastic volumetric strain, and any volume changes associated with small elastic strains 
will be negligible under the static geomechanical conditions considered here (i.e. no imposed 
tectonic or engineering deformation; see the description of model conditions below). 
3. Model description 
3.1. Model stratigraphy and structure 
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The model simulates a stratigraphic block 3100m east-west, 1240m north-south, and 1316m 
in thickness, containing a simplified stratigraphic sequence thematically representative of the 
Gloucester Basin, Eastern Australia (Fig. 3). There are four types of rock units in the model 
including (1) an alluvium layer (dominated by unconsolidated sediments of 
silts‐sands‐gravels) at the top, (2) eleven thin coal beds, each of which represent a combined 
unit of multiple thin coal seams with shale inter‐beds, (3) eleven interburden beds (strong and 
well cemented silty sandstone layers) sandwiched between coal layers, and (4) a basal 
“basement” unit at the base (carboniferous strata of conglomerate, sandstone and siltstone) 
(Mallants et al., 2017). A generic fault of 60 degree dip is included in the model. Modelled 
stratigraphic units and the fault have a consistent strike orientation, broadly reflecting the 
stratigraphic and fault strikes in the Gloucester Basin area of interest. The model geometry is 
simulated by 191,200 hexahedral elements with various element sizes that are required to 
model variable layer thickness (e.g. thin coal beds). 
It should be emphasized that the model stratigraphy and fault structure are loosely based on 
existing well data, hydrogeological data and conceptualisations for the Gloucester Basin 
(Frery et al., 2014; also see Rajabi et al., 2016 for a brief overview of regional geology and 
tectonic settings). The resulting geometry model is therefore not purely hypothetical but uses 
a simplified hydrostratigraphic conceptualisation. Such simplification facilitates an analysis 
of the complex interactions between geomechanical and hydraulic processes. 
3.2. Model properties 
Geomechanical and hydrological properties used in our 3D model are summarized in Table 1. 
Note that these parameters are based on available data for the study area supplemented with 
data from published literature (Lama and Vutukuri, 1978; Turcotte and Schuberts, 1982; 
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Gentzis et al., 2007; Connell, 2009; Langhi et al., 2010; Parsons Brinckerhoff, 2012). Of note 
is the lack of laboratory test data on rock samples or core from the area. The initial fault 
permeability is chosen such that it is lower than coal but higher than other rock units in the 
base models (i.e. a generic consideration).  
3.3. Model initial and boundary conditions 
The detailed regional stress patterns of Eastern Australia  were described by Hillis et al. 
(1999), which was included in the compilation of the Australian stress map (Hillis and 
Reynolds 2003). An updated and improved stress dataset for New South Wales (NSW) was 
recently published by Rajabi et al. (2016) and was subsequently included in the updated 
Australian stress dataset (Rajabi et al. 2017b) and the new release of the World Stress Map 
(Heidbach et al. 2016). Figure 1 illustrates the variations of the maximum horizontal stress 
orientations in the Gloucester and Sydney Basin areas (drawn based on figure 6 in Rajabi et al. 
2016), ranging predominantly from E-W, sub-E-W, ENE to NE orientations. For our main 
simulations in this paper, we have adopted an E-W maximum horizontal stress (Hmax) 
orientation as a simplification. To understand the effect of changing Hmax orientations, we 
have also performed two sensitivity analyses with ENE and NE Hmax orientations, 
respectively.  
Previous studies (e.g. Hillis et al., 1999; Brooke‐Barnett et al., 2015, Rajabi et al., 2016, 
Rajabi et al., 2017b) also indicate that the broader region of eastern Australia is dominated by 
a reverse‐faulting stress regime with local areas of strike‐slip faulting and normal faulting 
stresses. There are also large variations in stress magnitudes and gradients throughout the 
region both geographically and in depth. Our approach here is generic, that is, defining a 
number of initial stress field scenarios that do not lead to fault failure before depressurization 
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and then exploring how depressurization potentially alters stress or generates perturbations. 
Specific initial stress conditions will be described below for modelling scenarios. 
Initial hydrostatic pore pressures are defined in each model with the entire domain assumed 
fully water‐saturated. Permeable fluid flow boundary conditions are used for all of the model 
boundaries throughout each simulation to allow the exchange of fluids between the model 
and far-field areas outside of the model in the wider basin. “Container”‐like static 
geomechanical boundary conditions are adopted in the model. The top of the model is 
simulated as a free surface. The base is not allowed to move in the vertical direction but is 
free to move in other directions. Vertical edges of the model are not allowed to move in the 
direction perpendicular to the edge but are free to move in the on‐plane directions. The 
geomechanical boundary conditions above, determine that there will be no bulk deformation 
in E-W and N-S directions, and as such, the models simulate local stress alteration and any 
potential local deformation in response to fluid depressurization during CSG production. 
3.4. Model scenarios 
The models assume the presence of 4 conceptual “CSG production wells” (Fig. 3a). The 
distance between the “wells” is about 500 meters (the average separation distance of 
exploration wells in the study area). Depressurization locations in the model are defined at the 
intersection locations between these “wells” and coal seam units below an approximate depth 
level of ‐300 m below the ground level (Fig. 3b) which is typical of CSG production depth 
ranges (Towler et al., 2016). 
Depressurization is simulated by incorporating a pore pressure drawdown from the initial 
pore pressure at the four “CSG production well” locations to 1 MPa (i.e. final pore pressure), 
the critical desorption pore pressure for coal seam gas (Morad et al., 2008). This approach of 
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depressurizing coal seam units involves pore pressure drawdowns of >80% from initial 
pressure values, and hence probably represents a worst‐case scenario. In the simulation, the 
pore pressure drawdowns are linearly implemented as a series of small increments over a 
period of 40 days, which is followed by 30 days of equilibrium.  
Three initial stress regime scenarios are simulated (Fig. 4) to investigate the impact of 
depressurization across a range of initial conditions. We are interested in the effect of 
depressurization on these stress regimes, where the initial stresses do not lead to fault failure 
but the fault or fault segment is critically stressed (i.e. close to failure) prior to 
depressurization.  In the models, vertical stresses (v) are initialized based on the rock density 
distribution with gravity switched on. The maximum (Hmax) and minimum (Hmin) horizontal 
stresses are then initialized, based on the three stress scenarios with specific gradients in 
depth  as described below: 
1. Reverse faulting stress regime (Hmax > Hmin > v; Fig. 4a): this is the dominant stress 
regime for eastern Australia (e.g. Hillis et al., 1999; Rajabi et al., 2016, 2017a, 2017b). 
Because there were no measured stress gradient data (i.e. gradients with depth) 
available for the Gloucester Basin at the time of modelling, the following stress 
gradients are used in the model, based on the average stress patterns for the Sydney 
Basin (Hillis et al., 1999): lithostatic stress (or overburden pressure due to the weight 
of overlying material) for v or 3 (vertical stress); 50 MPa/km for Hmax or 1 (the 
maximum horizontal stress, in the E-W direction); and (3) 35 MPa/km for Hmin or 2 
(the minimum horizontal stress, in the N-S direction). Two sensitivity-analysis 
simulations with ENE- and NE-oriented Hmax, respectively, have also been performed. 
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2. Strike-slip faulting stress regime (Hmax > v > Hmin; Fig. 4b): this stress regime could 
also be present in eastern Australia (Hillis et al., 1999; Rajabi et al., 2017a, 2017b). A 
stress ratio of R = 0.5 between Hmin (3) and Hmax (1) is adopted as a generic 
approach, with v being intermediate. 
3. Normal faulting stress regime (v > Hmax > Hmin; Fig. 4c): this stress regime could be 
locally present in sedimentary basins in eastern Australia (Hillis et al., 1999; Rajabi et 
al., 2016, 2017a, 2017b). The data for the Sydney Basin  suggest that the stress ratio 
(R) between Hmin (3, in the E-W direction) and v (1) is in the range of 0.48 to 0.7. 
A ratio of R = 0.5 is adopted in our base model with a normal-faulting stress regime as 
a worst case scenario for investigating fault failure/reactivation and also for 
simplification. In the model, Hmax (or 2) is intermediate between v and Hmin. 
Another stress ratio scenario in combination with the assumption of a weaker fault 
scenario is also investigated (Fig. 4d), which will be described in the results section 
for the convenience of description. 
4. Model results 
4.1. Depressurization of coal seams in a reverse-faulting stress regime 
A key interest of this modelling is related to alteration of shear stress in response to the 
modelled depressurization under the reverse-faulting stress regime (see Fig. 4a). Stress-
variation tracking at two locations, one in the fault (central fault at ~500m depth) and one in a 
coal bed (central to the four depressurization locations on the coal bed, at ~600m depth), 
shows that shear stresses gradually decrease in both the fault and coal beds as the result of 
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depressurization (Fig. 5). Shear stress decreases at the two locations are small, 0.5 MPa for 
location 1 (fault) and 0.1 MPa for location 2 (coal). 
Checking the geomechanical failure state at the end of the depressurization simulation 
indicates that there is no failure in the fault, coal beds or any other rock units in the model. 
Plotting stresses for the two locations above and also at another deeper fault location on 
Mohr’s diagram provides more insight into the impact of depressurization on the 
geomechanical stability of the geological architecture simulated here (Fig. 6). For fault 
location 1 and coal location 2, the decreases of shear stress led to smaller Mohr circles which 
marginally move away from the failure envelope (Fig. 6b and c), i.e. becoming more stable. 
In addition, pore pressure reduction and effective stress increases under depressurization 
result in large additional shifts of the Mohr circles away from the failure envelope. For fault 
location 3 (Fig. 6d), there is negligible shear stress decrease (i.e. the size of the Mohr circle 
approximately remains the same), most likely due to its deep location in the “basement” 
below the depressurization locations (i.e. less change in pore pressure), but the effective stress 
increase due to depressurization still led to some shift of the Mohr circle away from the 
failure envelope. Therefore, depressuring coal beds in a coal-seam reservoir under a reverse-
faulting stress regime actually makes its geological architecture geomechanically more stable 
(i.e. less likely for fault reactivation or coal bed failure).  
As expected, depressurization led to overall pore pressure reduction in the model (Fig. 7). 
Pore pressure changes at depressurization locations (i.e. intersection site between “wells” and 
coal beds) reflect controlled pore pressure reduction trajectories governed by pre-defined pore 
pressure draw-down from initial pore pressures to the critical coal desorption pore pressure of 
1 MPa. This is accompanied by pore pressure decrease in all the surrounding areas, the 
magnitudes of which are dependent on the distance of a location from depressurization 
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locations (production wells). The final pore pressure distribution for the model is shown in 
Figure 8a. The pattern is characterized by extensive and large pore pressure decreases in the 
hanging wall area of the fault surrounding depressurization locations. Pore pressure changes 
appear to be greater in the vertical direction than the horizontal direction, reflecting “well” 
orientations. In addition, the impacts of depressurization appear to be greater at shallower 
levels above a depressurization point than in deeper horizons below a depressurization point. 
This may be partly due to the low permeability of the “basement” unit, but it is interesting to 
note that the fault (with higher permeability) does not lead to the propagation of low pore 
pressure zones into deep horizons along the fault. 
To investigate the effects of fault and coal permeability on pore pressure variations, two 
additional sets of models have been generated and simulated. The first set simulates lower 
(0.1 mD) and higher (50 mD) fault permeability than in the base model (10 mD), with coal 
permeability unchanged. The second set investigates the scenarios of lower (1.0 mD) and 
higher (50 mD) coal permeability than the base model with fault permeability unchanged. The 
results show that when much lower fault permeability is involved, a pattern of pore pressure 
compartmentalisation becomes clear (Fig. 8b). In this case, pore pressure decreases are almost 
entirely confined to the hanging‐wall area, with little pore pressure perturbation occurring in 
the footwall area across the fault. This illustrates the role of a sealing fault in a reservoir. For 
the model with a higher fault permeability of 50 mD (Fig. 8c), decreasing-pore pressure 
perturbation from depressurization into the footwall area is greater than in the base model 
(Fig. 8a), showing the behaviour of a more permeable fault (providing better connectivity 
across a fault).  The permeability of coal beds also influences final pore pressure patterns in 
the models. In comparison with the base model (Fig. 8a), a lower coal permeability (1.0 mD, 
Fig. 9a) led to narrower lateral pore pressure perturbations/reductions along coal beds, 
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whereas a high coal permeability (50 mD, Fig. 9b) caused a more extensive area showing 
lateral pore pressure perturbations/reductions along coal beds. 
In all the models presented above, fluid flow fields are dominated by lateral flow along coal 
beds, converging towards depressurization locations (production wells) on coal beds (Fig. 10 
shows flow patterns for two models). In reality, such patterns represent fluid migration 
towards production wells predominantly along coal beds, but there is also fluid migration 
from interburden units into coal beds at small flow velocities. For the base model with fault 
permeability = 10 mD (Fig. 10a), there is strong flow both across and along the fault, 
suggesting strong movement of fluids from the footwall side towards the hanging-wall side. 
In contrast, for the model with a 100 times lower fault permeability of 0.1 mD (Fig. 10b), 
there is little flow in the fault or movement of fluids from the footwall to the hanging‐wall 
side. The maximum flow velocities occur around depressurization sites (production wells) on 
coal beds in all the models. Changing coal bed permeability does not change flow patterns, 
that is, fluid flow still converges on production wells and there is still strong flow 
across/along the fault (across‐fault flow is mainly exhibited at intersecting locations between 
the fault and coal beds), as long as coal permeability is greater than or equal to the 
interburden permeability. Changes in coal permeability strongly influence fluid flow 
velocities along the de-pressured coal beds. Flow velocities along the de-pressurized coal 
beds with higher permeability (e.g. 50 mD) are greater than in the models with a lower 
permeability (e.g. 1.0 mD and 20 mD). 
To address the question if changing Hmax orientation would lead to very different results, we 
have performed two additional simulations with ENE and NE Hmax orientations, respectively. 
The results show that final stress, pore pressure and fluid flow patterns at the end of the 
depressurization simulation are very similar to those for the model with an E-W Hmax 
orientation. More importantly, there is still no geomechanical failure in the fault (i.e. no fault 
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reactivation), which is the weakest part of the model. Figure 11 shows stress changes before 
and after the depressurization simulation at the intermediate-depth fault location-1 (see Fig. 
6a) clearly displaying the features of effective stress increase and shear stress decrease with 
final stress Mohr circles moving away from the failure envelop; a smaller stress Mohr circle 
represents a small shear stress. These features are very similar to those observed for the model 
with an E-W Hmax orientation (see Fig. 6b). 
4.2. Depressurization of coal seams in a strike-slip faulting stress regime 
Stress alteration (Fig. 12) due to depressurization under a strike-slip faulting stress regime 
(see Fig. 4b) shows a similar pattern to that for the reverse-faulting stress regime (see Fig. 5), 
characterized by small shear stress decreases. The magnitudes of shear stress reduction here 
are even smaller in this stress regime, at 0.21 MPa in the fault (location 1) and 0.05 MPa in 
coal beds (location 2), than those (0.5 MPa at the fault location and 0.1 MPa at the coal 
location) for the reverse-faulting stress model. The combination of shear-stress decrease and 
effective-stress increase determines that the Mohr’s circle for stresses in the fault (and also 
coal) will shift away from the failure envelop as the result of depressurization under a 
strike‐slip faulting stress regime (Fig. 13). As such, there is no geomechanical failure 
anywhere in the model, and depressurization actually makes the fault and rock architecture 
geomechanically more stable under this stress regime. Pore pressure changes and fluid flow 
patterns are highly consistent with those for the reverse-faulting stress models (Figs. 7-10). 
4.3. Depressurization of coal seams in a normal-faulting stress regime 
In contrast to the shear stress alteration patterns of the models for reverse-faulting and strike 
slip-faulting stress regimes (see Figs. 5 and 12), depressurization of coal seams in a normal-
faulting stress regime (see Fig. 4c) led to shear stress increase in both the fault and coal beds 
(Fig. 14). It is noted that upon the start of depressurization in the coal beds, shear stresses in 
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both the fault and coal beds gradually increase until the end of the depressurization phase and 
then flatten out by the end of the post-depressurization equilibrium phase. Shear stress 
increase is ~0.54 MPa within the fault (location 1 at around 500m depth) and ~0.17 MPa in 
the coal (location 2 at ~600m depth). This is significant because shear stress increase creates 
the possibility for geomechanical failure in the fault and coal (i.e. conditions moving towards 
failure criteria). Checking the geomechanical failure state of the model, however, shows that 
the increases are insufficient to reach failure anywhere in the model for the tested scenario.  
Figure 15 presents Mohr circles for two locations in the fault. For an intermediate fault depth 
level (location 1, see Fig. 14), the final Mohr circle is still far away from the failure envelope. 
For a deeper fault within the “basement” unit (location 3, see Fig. 6a) where initial stresses 
are closer to the failure envelope to start, the final stresses remains safely away from failure 
because there is no shear stress increase at this location while effective stress increases. Final 
stresses in coal beds are also safely away from failure, similar to the reverse-faulting stress 
case (see Fig. 6c). 
Pore pressure changes and fluid flow patterns in the normal-faulting stress model are entirely 
consistent with those for the reverse faulting stress model described above (see Figs. 7 to 10). 
It is clear that they are predominantly governed by depressurization‐resultant pore pressure 
changes and flow properties (i.e. permeability), which remain consistent in the models for 
both stress regimes. 
To explore the question, what would make the fault fail or reactivated under the modelled 
depressurization and normal-faulting stress conditions, a model is constructed with a reduced 
fault cohesion from 5 MPa to 2 MPa (i.e. a weaker fault, Fig 16). A variable stress ratio for a 
normal-faulting stress condition (Fig. 4d) is adopted in the following way: (1) R = 0.5 for 
depth levels above -500m below the ground level; (2) R linearly increases from 0.5 to 0.65 
from -500 to -1000m; and (3) R = 0.65 for depth levels below -1000m. Importantly, this 
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scheme defines a case with a critically-stressed fault all the way from shallow to deep levels, 
that is, the fault is very close to failure everywhere with its Mohr’s circle very close to the 
failure envelope (Fig. 16). This generic model allows us to investigate the impact of 
depressurization on fault failure as a worst‐case scenario. The results (Fig. 16) show that 
shear stress increase (i.e. Mohr-circle radii increases) at intermediate depth levels (location 1, 
see Fig. 6a) is now sufficient to overcome depressurization-associated effective stress 
increase (i.e. Mohr-circle shift away from failure due to pore pressure reduction) and generate 
fault failure or reactivation (i.e. Mohr-circle reaches the failure envelope). For deeper fault 
levels (location 3), the fault does not fail and becomes geomechanically more stable in 
comparison with the initial state due to constant shear stress and only some effective stress 
increase (i.e. Mohr-circle shifts away from failure, see Fig. 16). In the model, there is still no 
geomechanical failure anywhere in the coal beds.  
5. Discussion 
A key implication from this modelling is that depressurization of a coal-seam reservoir can 
only lead to fault failure and reactivation under certain conditions in a normal-stress regime. 
The geomechanical mechanism causing fault reactivation is the increase of shear stresses in 
fault zones with pore pressure reduction in the reservoir subjected to depressurization. Such 
shear stress increase is actually related to a reduction in horizontal stresses under 
depressurization conditions. This fault reactivation process and mechanism during fluid 
depletion have been described by previous studies on conventional petroleum systems (e.g. 
Zoback et al., 2001; Hawkes et al., 2005; Nacht et al., 2010; Zhang et al., 2016). It is 
important to note that a pre-existing condition of a near critically-stressed fault appears to be 
a necessary requirement for possible fault failure and reactivation under depressurization/fluid 
depletion and normal-faulting stress conditions, as shown by the present results (see Fig. 16) 
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and also numerically predicted by Zhang et al. (2016) based on experimental rock property 
data from carbonate reservoirs. This is because the overall effective stress increase (leading to 
fault-stress Mohr circles shifting away from the failure envelope) will work against relatively-
small shear stress increases in the fault. As such, pre-depressurization initial shear stress in 
faults need to be close to failure so that the combined effect of two stress changes described 
above, can trigger fault failure through reactivation. 
Present modelling results suggest that it is unlikely for depressurization to generate fault 
failure and reactivation in reverse-faulting and strike-slip faulting stress regimes. Note that 
reverse-faulting stress regime is dominant in eastern Australia (e.g. the Gloucester and 
Sydney Basins) with the presence of strike-slip faulting and normal-faulting regimes 
restricted to some localized areas (e.g. Hillis et al., 1999; Brooke-Barnett et al., 2015; Rajabi 
et al., 2017c). Globally, reverse-faulting and strike-slip faulting stress regimes are common in 
all the tectonic plates (e.g. Zoback et al., 1989; Zoback, 1992; Heidbach et al., 2010, 2016; 
Rajabi et al., 2017b). Therefore, it is necessary to discuss what it would take for 
depressurization or fluid depletion to reactivate faults in reverse-faulting and also strike-slip 
faulting stress regimes.  
The characteristics of stress variations in both stress regimes is that shear stress decreases in 
faults (see Figs. 5, 6, 12 and 13) as the result of horizontal stress decrease associated with 
pore pressure reduction, which moves the fault further away from failure in addition to the 
overall effective stress increase. Figure 17 presents a generic illustrative example for a 
reverse-faulting regime. In response to pore pressure reduction and hence decreases in 
horizontal stresses (initially 1 and 2), shear stresses would initially decrease continuously 
while Mohr-circles shift away from failure due to pore pressure reduction (Fig. 17b) from the 
initial stress state (Fig. 17a). As this process continues, shear stresses in the fault would 
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diminish to zero at some point. The stress state would then transit from reverse faulting to 
normal-faulting with further decreases in the horizontal stresses (now 2 and 3; v becomes 
1). Once this point is passed, fault shear stress would start to increase in response to any 
further horizontal stress reduction. This might eventually lead to fault failure if further 
horizontal shear reduction and hence fault shear stress increase are sufficiently large (Fig. 
17c). The stress evolution path described above would require very large horizontal stress 
decreases from the initial reverse-faulting stress state (Fig. 17a) to a final normal stress sate 
(Fig. 17c). Such a dramatic stress change purely due to depressurization is unlikely for faults 
hosted in solid rocks under a regional reverse-faulting stress regime. Similarly, a dramatic 
shear stress switch in faults from reduction to increase is also required for the occurrence of 
fault reactivation due to depressurization under strike-slip faulting stress regimes. Again, we 
consider this unlikely to result purely as the consequence of depressurization in areas with a 
regional strike-slip faulting stress field.  
The results also show that modelled depressurization does not lead to geomechanical failure 
in coal beds under reverse-, normal- and strike-slip faulting conditions. Stress Mohr circles 
for coals are safely situated away from the failure envelope throughout all the simulations 
(see Fig. 6c). A test of a reduced coal cohesion of 1 MPa (from 5.7 MPa in the base model) 
scenario indicates that coal beds still do not fail (Fig. 18) even with such low cohesion under 
a reverse-faulting stress regime. This is because the coal friction angle (35) determines that 
the stress Mohr circle shift away from the failure envelope due to depressurization (pore 
pressure reduction) will be more than sufficient to overcome the effect of any shear stress 
increase. 
It should be emphasized that the current models are based on the Mohr-Coulomb elastic-
plastic constitutive theory and the results should apply to a broad spectrum of lithified 
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sedimentary rocks. The models may underestimate the failure potential of coals. There are 
field observations that coal beds can fail during coal seam gas extraction (e.g. Flottman et al., 
2013) and experimentally-tested coal desorption and gas depletion in a normal-faulting stress 
regime (e.g. Espinoza et al., 2015). In addition, the current models, based on a conventional 
continuum geomechanical theory, may have underestimated horizontal stress reduction in 
coal during depressurization (i.e., horizontal stress reduction associated with coal matrix 
shrinkage during coal desorption). Based on a mathematical/analytical study on coal failure 
during methane production, Lu and Connell (2016) showed that coal failure can happen due 
to extra-ordinary horizontal stress reduction accompanying pore pressure reduction by 
including a stress component in their analytical equations that allows large horizontal stress 
reduction linked to a desorption-related volume reduction and by assuming constant vertical 
stress. This suggests that the one scenario depicted here in Figure 17 that reached failure 
might be possible in coal beds in particular circumstances. Therefore, in order to further 
improve our numerical simulation of the CSG extraction and depressurization process, future 
work is required to develop a suitable constitutive geomechanical theory and numerical 
modelling code incorporating such mathematical/analytical theory. Sufficient simulation tests 
are then necessary for validation against practical data and observations.  
6. Conclusions 
The key findings from this study are: 
(1) Under static tectonic conditions (i.e. no active tectonic deformation), depressurization 
in coal seams results in stress alterations. Shear stress only increases in the models 
with normal-faulting stress regimes. In contrast, in models with reverse-faulting 
(dominant stress regime in eastern Australia) or strike-slip faulting stress regimes, 
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shear stresses decrease with depressurization. All these stress alterations take place 
together with the overall effective stress increases associated with pore pressure 
reduction.  
(2) The patterns of stress alterations above, suggest that there is a chance for fault failure 
(reactivation) and coal failure only under normal-faulting stresses. Failure in the coal 
and fault is unlikely under reverse-faulting or strike-slip faulting stresses due to the 
combined effects of shear stress decrease and effective stress increase. This 
conclusion is based on the theory of conventional Mohr-Coulomb elastic-plastic 
theory which is commonly adopted to simulate the geomechanical behaviours of solid 
rocks (lithified sedimentary rocks) in upper crustal levels. It has limitations such as 
not capturing discrete faulting behaviours and likely underestimates stress alterations 
associated with coal matrix volume shrinkage.  
(3) No fault reactivation or coal failure is observed in our base models, the properties of 
which are based on the data from the study region (Gloucester Basin) and literature. A 
partial fault reactivation is observed in the model scenario of a normal-faulting stress 
regime and a weak fault where the fault is critically stressed. Therefore, an already 
near critically-stressed fault is a requirement for fault reactivation under 
depressurization/fluid depletion and normal-faulting stress conditions. 
(4) Fluid flow is dominated by lateral flow along coal beds, converging towards 
depressurization locations (production “wells”). Fault permeability governs fluid 
transport along and across the fault. In permeable-fault cases, fluid flow is significant 
both along and across the fault from the footwall side towards the hanging-wall side. 
In the scenario with a low fault permeability of 0.1 mD, there is little flow in the fault 
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or movement of fluids from the footwall across the fault to the hanging-wall side. 
Coal permeability strongly affects flow velocities within coal beds during 
depressurization.  
(5) Depressurization generates fluid pore pressure reduction in all the models. Fault 
permeability and coal permeability both affect final pore pressure patterns. The low 
permeability fault scenario (e.g. permeability = 0.1 mD) leads to the development of 
pore pressure compartmentalisation across the fault.  
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Figure Captions 
Fig. 1. Illustration of the locations of the Gloucester and Sydney Basins in New South Wales 
(NSW), Eastern Australia (inset). Black straight lines shows the orientation of the 
maximum horizontal stresses in the study area (based on fig. 6 of Rajabi et al., 2016). 
Fig. 2. (a) Schematic illustration of the stress-strain relationship for a Mohr-Coulomb elastic-
plastic material. (b) Mohr’s circle diagrams for point-1 (pre-failure) and point-2 (at 
failure) in (a). Mohr’s circle will touch the failure envelope (straight line) when 
mechanical failure occurs. The vertical dashed line and T define the tension cut off 
(tensile failure) point, where the effective minimum principal stress is tensile and equal to 
the tensile strength of the fault. Note that the illustrations above are based on the 
established Mohr-Coulomb elastic-plastic theory (e.g. Ord 1991). 
Fig. 3. (a) Full model geometry (structure, rock units and dimensions). Locations of four 
conceptual “wells” are shown on the model top surface. The black dashed line shows the 
trending of an east-west vertical cross section. (b) Geometries of coal beds, the fault and 
“basement”. Small blue cells show depressurization locations on coal beds, which are 
intersection locations between conceptual production “wells” and coal beds in the models 
below an approximate depth level of ‐300m below the ground surface.  
Fig. 4. An illustration of the stress gradients adopted in the models. (a) A reverse-faulting 
stress regime. (b) A strike slip-faulting stress regime. (c) A normal-faulting stress regime. 
(d) Another normal-faulting stress regime (see main text for more information). V is the 
vertical stress, Hmax is the maximum horizontal stress and Hmin is the minimum 
horizontal stress. 
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Fig. 5. Plot of shear stresses versus depressurization time in the fault (location 1) and a coal 
bed (location 2) for the model with a reverse faulting stress regime (see Fig. 3a). The 
insert shows the depth levels of the two datum-tracking locations in the model. 
Fig. 6. Mohr circle diagrams showing stress variations with respect to failure envelopes 
before and after depressurization under a reverse faulting stress regime. As illustrated in 
(a), location 1 is an intermediate fault-depth location, location 2 is a coal-bed location and 
location 3 is a deep-fault location. 1 and 3 are the maximum and minimum principal 
stresses, corresponding to Hmax (maximum horizontal stress) and Hmin (minimum 
horizontal stress), respectively. 
Fig. 7. Illustration of pore pressure variations with depressurization time at the three locations 
shown in Figure 5a and a depressurization location in the model with a reverse faulting 
stress regime. Note that all pore pressure curves start from hydrostatic conditions. 
Fig. 8. Final pore pressure patterns on an E-W vertical cross section (see Fig. 2a) truncating 
depressurization locations through the model (reverse faulting stress regime). (a) The base 
model (fault permeability = 10 mD). (b) and (c) the models with a lower fault 
permeability of 0.1 mD and a higher fault permeability of 50 mD, respectively. Small 
circles on (a) show approximate depressurization locations (wells producing from coal 
seams) along the cross section. 
Fig. 9. Final pore pressure patterns on an E-W vertical cross section (see Fig. 2a) for the 
models (reverse faulting stress regime) with a lower coal permeability of 1.0 mD (a) and a 
higher coal permeability of 50 mD (b) than that (20 mD) of the base model (see Fig. 7a). 
Small circles on (a) show approximate depressurization locations (wells producing from 
coal seams) along the cross section. 
Fig. 10. Plots of fluid flow velocity vectors on the central portion of the E-W vertical cross 
section (see Fig.2a) for the models with a reverse faulting stress regime. (a) Fault 
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permeability = 10 mD (the base model). (b) Fault permeability = 0.1 mD. Maximum flow 
velocity is ~7.9×10-7 m/s in both models. Small circles on (a) show approximate 
depressurization locations along the cross section. 
Fig. 11. Mohr circle diagrams showing the states of stresses at fault location 1 (see Fig. 6a) 
for the reverse-faulting stress models with (a) ENE- and (b) NE-oriented maximum 
horizontal stress (Hmax) orientations. 
Fig. 12. Plot of shear stresses versus depressurization time in the fault (location 1) and a coal 
bed (location 2) for the model with a strike-slip faulting stress regime (see Fig. 3d). The 
insert shows the two datum-tracking locations in the model. 
Fig. 13. Fault-stress Mohr circle diagrams (see Fig. 5a for locations) for a model with a strike-
slip faulting stress regime (see Fig. 3d). 1 (Hmax) and 3 (Hmin) are the maximum and 
minimum principal stresses. 
Fig. 14. Plot of shear stresses versus depressurization time in the fault (location 1) and a coal 
bed (location 2) for the model with a normal faulting stress regime (see Fig. 3b). The 
insert shows the two datum-tracking locations in the model. 
Fig. 15. Mohr circle diagrams showing stress variations with respect to failure envelopes 
before and after depressurization under a normal faulting stress regime (Fig. 3b). Two 
fault locations (1 and 3) are shown in Figure 5a. 1 and 3 are the maximum and 
minimum principal stresses, corresponding to v (vertical stress) and Hmin (minimum 
horizontal stress), respectively. 
Fig. 16. Fault-stress Mohr circle diagrams (see Fig. 5a for locations) for a model with a 
normal faulting stress regime defining a near critically-stressed fault (see Fig. 3c and main 
text for more information). 1 (v) and 3 (Hmin) are the maximum and minimum 
principal stresses. 
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Fig. 17. Schematic Mohr circle diagrams illustrating the required stress changes for fault 
reactivation under the depressurization and reverse-faulting stress conditions. (a) Initial 
stresses in the fault. (b) Shear stress (reflected by Mohr-circle radii) decreases with the 
decreases in horizontal stresses as the result of depressurization. (c) As horizontal stresses 
continue to decrease, v eventually switches with Hmax to become 1. Fault shear stresses 
then start to increase, leading to fault failure when the increase is sufficiently large. See 
main text for detailed description. 
Fig. 18. Mohr circle diagrams for stress variations in a coal location (see Fig 5a) before and 
after depressurization for a scenario with a lower coal cohesion (1 MPa) than in the base 
model (5.7 MPa; see Fig. 5c) under a reverse-faulting stress regime. 
 
Table Captions 
Table 1. Geomechanical and hydrological properties of the model. These properties are 
assembled based on available data for the study area supplemented with data from 
published literature (Lama and Vutukuri, 1978; Turcotte and Schuberts, 1982; Gentzis et 
al., 2007; Connell, 2009; Langhi et al., 2010; Parsons Brinckerhoff, 2012). 
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 
 
Table 1. Material properties of the model. These properties are assembled based on available 
data for the study area supplemented with data from published literature (Lama and Vutukuri, 
1978; Turcotte and Schuberts, 1982; Gentzis et al., 2007; Connell, 2009; Langhi et al., 2010; 
Parsons Brinckerhoff, 2012).  
 
Unit Density 
(Kg.m-3) 
Young’s 
Modulus 
(GPa) 
Poisson’s 
ratio 
Cohesion 
(MPa) 
Tensile 
Strength 
(MPa) 
Permeability  Porosity Friction 
Angle () 
Dilation 
Angle () 
Alluvium 2082 0.025 0.35 0.02 0.01 1 D 0.15 35 2 
Interburden 2450 35 0.25 15 7.5 1 mD 0.03 30 2 
Coal 1500 1.97 0.39 5.7 2.85 20 mD 0.1 35 2 
“Basement” 
   unit 
2487 36 0.25 18 9 0.1 mD 0.015 30 2 
Fault 2398 2 0.15 5 2.5 10 mD 0.05 20 2 
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Fig. 1. Illustration of the locations of the Gloucester and Sydney Basins in New South Wales 
(NSW), Eastern Australia (inset). Black straight lines shows the orientation of the maximum 
horizontal stresses in the study area (based on fig. 6 of Rajabi et al., 2016).  
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Fig. 2. (a) Schematic illustration of the stress-strain relationship for a Mohr-Coulomb elastic-
plastic material. (b) Mohr’s circle diagrams for point-1 (pre-failure) and point-2 (at failure) in 
(a). Mohr’s circle will touch the failure envelope (straight line) when mechanical failure 
occurs. The vertical dashed line and T define the tension cut off (tensile failure) point, where 
the effective minimum principal stress is tensile and equal to the tensile strength of the fault. 
Note that the illustrations above are based on the established Mohr-Coulomb elastic-plastic 
theory (e.g. Ord 1991). 
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Fig. 3. (a) Full model geometry (structure, rock units and dimensions). Locations of four 
conceptual “wells” are shown on the model top surface. The black dashed line shows the trending 
of an east-west vertical cross section. (b) Geometries of coal beds, the fault and “basement”. 
Small blue cells show depressurization locations on coal beds, which are intersection locations 
between conceptual production “wells” and coal beds in the models below an approximate depth 
level of ‐300m below the ground surface. 
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Fig. 4. An illustration of the stress gradients adopted in the models. (a) A reverse-faulting 
stress regime. (b) A strike slip-faulting stress regime. (c) A normal-faulting stress regime. (d) 
Another normal-faulting stress regime (see main text for more information). V is the vertical 
stress, Hmax is the maximum horizontal stress and Hmin is the minimum horizontal stress. 
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Fig. 5. Plot of shear stresses versus depressurization time in the fault (location 1) and a 
coal bed (location 2) for the model with a reverse faulting stress regime (see Fig. 3a). 
The insert shows the depth levels of the two datum-tracking locations in the model. 
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Fig. 6. Mohr circle diagrams showing stress variations with respect to failure envelopes 
before and after depressurization under a reverse faulting stress regime. As illustrated in (a), 
location 1 is an intermediate fault-depth location, location 2 is a coal-bed location and 
location 3 is a deep-fault location. 1 and 3 are the maximum and minimum principal 
stresses, corresponding to Hmax (maximum horizontal stress) and Hmin (minimum horizontal 
stress), respectively. 
 
 
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 
 
 
Fig. 7. Illustration of pore pressure variations with depressurization time at the three 
locations shown in Figure 5a and a depressurization location in the model with a 
reverse faulting stress regime. Note that all pore pressure curves start from 
hydrostatic conditions. 
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Fig. 8. Final pore pressure patterns on an E-W vertical cross section (see Fig. 2a) truncating 
depressurization locations through the model (reverse faulting stress regime). (a) The base 
model (fault permeability = 10 mD). (b) and (c) the models with a lower fault permeability of 
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0.1 mD and a higher fault permeability of 50 mD, respectively. Small circles on (a) show 
approximate depressurization locations (wells producing from coal seams) along the cross 
section. 
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Fig. 9. Final pore pressure patterns on an E-W vertical cross section (see Fig. 2a) for the 
models (reverse faulting stress regime) with a lower coal permeability of 1.0 mD (a) and a 
higher coal permeability of 50 mD (b) than that (20 mD) of the base model (see Fig. 7a). 
Small circles on (a) show approximate depressurization locations (wells producing from coal 
seams) along the cross section. 
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Fig. 10. Plots of fluid flow velocity vectors on the central portion of the E-W vertical cross 
section (see Fig.2a) for the models with a reverse faulting stress regime. (a) Fault 
permeability = 10 mD (the base model). (b) Fault permeability = 0.1 mD. Maximum flow 
velocity is ~7.9×10-7 m/s in both models. Small circles on (a) show approximate 
depressurization locations along the cross section. 
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Fig. 11. Mohr circle diagrams showing the states of stresses at fault location 1 (see Fig. 
6a) for the reverse-faulting stress models with (a) ENE- and (b) NE-oriented maximum 
horizontal stress (Hmax) orientations.  
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Fig. 12. Plot of shear stresses versus depressurization time in the fault (location 1) and a 
coal bed (location 2) for the model with a strike-slip faulting stress regime (see Fig. 3d). 
The insert shows the two datum-tracking locations in the model. 
 
 
 
 
 
Fig. 13. Fault-stress Mohr circle diagrams (see Fig. 5a for locations) for a model with a strike-
slip faulting stress regime (see Fig. 3d). 1 (Hmax) and 3 (Hmin) are the maximum and 
minimum principal stresses.  
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Fig. 14. Plot of shear stresses versus depressurization time in the fault (location 1) and a 
coal bed (location 2) for the model with a normal faulting stress regime (see Fig. 3b). 
The insert shows the two datum-tracking locations in the model. 
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Fig. 15. Mohr circle diagrams showing stress variations with respect to failure envelopes 
before and after depressurization under a normal faulting stress regime (Fig. 3b). Two fault 
locations (1 and 3) are shown in Figure 5a. 1 and 3 are the maximum and minimum 
principal stresses, corresponding to v (vertical stress) and Hmin (minimum horizontal stress), 
respectively. 
 
 
 
 
 
 
 
 
Fig. 16. Fault-stress Mohr circle diagrams (see Fig. 5a for locations) for a model with a 
normal faulting stress regime defining a near critically-stressed fault (see Fig. 3c and main 
text for more information). 1 (v) and 3 (Hmin) are the maximum and minimum principal 
stresses.  
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Fig. 17. Schematic Mohr circle diagrams illustrating the required stress changes 
for fault reactivation under the depressurization and reverse-faulting stress 
conditions. (a) Initial stresses in the fault. (b) Shear stress (reflected by Mohr-
circle radii) decreases with the decreases in horizontal stresses as the result of 
depressurization. (c) As horizontal stresses continue to decrease, v eventually 
switches with Hmax to become 1. Fault shear stresses then start to increase, 
leading to fault failure when the increase is sufficiently large. See main text for 
detailed description. 
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Fig. 18. Mohr circle diagrams for stress variations in a coal location (see Fig 
5a) before and after depressurization for a scenario with a lower coal cohesion 
(1 MPa) than in the base model (5.7 MPa; see Fig. 5c) under a reverse-faulting 
stress regime. 
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Highlights 
 Effect of coal seam depressurization on the geomechanical stability of faults and coal beds was numerically 
modelled. 
 Depressurization leads to shear stress increase in normal-faulting stress regimes. 
 Shear stresses decrease with depressurization under reverse-faulting and strike-slip faulting stress conditions. 
 Depressurization-resultant fault reactivation is only possible under normal-faulting stresses. 
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